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(57) ABSTRACT

An 1indexable drll 1s offered which enables suitable integra-
tion of a drill body and cutting insert. The crosshatch angles
of clamp receiving faces of a cutting insert which are respec-
tively pressed by clamp faces and of torque receiving faces
which cross the clamp recerving faces and are adjacent
thereto and to which 1s transmitted the rotary force of the drll

body from the torque transmission faces are formed smaller
within a range of 2° or less which 1s less than the crosshatch
angles of clamp faces which clamp and hold the cutting insert
of the drill body and torque transmission faces which cross
these clamp faces and are adjacent thereto and which transmit
the rotary force of the drill body to the cutting insert.

4 Claims, 5 Drawing Sheets
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INDEXABLE DRILL

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a U.S. national phase application under 35 U.S.C.
§371 of International Patent Application No. PCT/JP2006/
307007, filed Mar. 28, 2006 and claims the benefit of Japa-
nese Application 2005-094310, filed Mar. 29, 2005. The

International Application was published 1n Japanese on Oct.
5, 2006 as International Publication No. WO 2006/104239

under PCT Article 21(2) the contents of which are incorpo-
rated herein 1n their entirety.

TECHNICAL FIELD

The present invention relates to an indexable drill which

removably attaches a cutting insert that has cutting edges at its
tip on the distal side of the drill body.

BACKGROUND ART

Heretotore, as a cutting tool used 1n perforation machining,
ol workpieces, what 1s referred to as an indexable drill has
been used, which removably attaches a cutting insert having,
cutting edges at its tip on the distal side of the drill body. With
this indexable drll, it has only been possible to conduct
repetitive machining by replacing the cutting inserts provided
with cutting edges, which become worn by the cutting of
workpieces.

With respect to this type of indexable drll, at the tip of an
approximately cylindrical rod-like drill body which rotates
around an axis 1s formed arecessed part (cutting insert mount)
which 1s recessed toward the proximal side, a cutting imnsert 1s
fitted 1nto this recessed part, and the drill body and cutting
insert are integrated (e.g., see Japanese Registered Utility
Model No. 3054444). In this indexable drill, on the 1nner
surface of the recessed part of the drill body are formed a
bottom face which faces the distal side, and which 1s orthogo-
nal to the axis of the drill body, a pair of clamp faces which
arranged on mutually opposing sides sandwiching the axis so
as to face the inner circumierential side of the drill body while
crossing this bottom face, and which clamp and hold the
cutting 1nsert, and torque transmission faces which arranged
on mutually opposing sides sandwiching the axis so as to face
the forward side of the drill rotation direction and which
transmit the rotary force of the drill body to the cutting insert.
Moreover, the paired clamp faces are respectively crossed by
and adjacent to the paired torque transmission faces facing the
backward side of the drill rotation direction from the inner
circumierential side of the drill body.

The cutting msert has cutting edges formed at the tip of its
insert body which 1s formed from cemented carbide such as
sintered hard alloy. Furthermore, 1t forms on its proximal side
a pair of clamp recerving faces which fit into the recessed part
of the drill body and which recerve the clamping force from
the pair of clamp faces, and torque receiving faces to which
are transmitted the rotary force of the drill body from the pair
of torque transmission faces. The paired clamp receiving
faces are respectively crossed by and adjacent to the paired
torque receiving faces.

In this indexable drill, the crosshatch angles of the clamp
faces and torque transmission faces of the drill body and the
crosshatch angles of the clamp receiving faces and torque
receiving faces of the cutting insert are equal, and {it together
to 1ntegrate.
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At the same time, 1n the indexable drill, a slit 1s formed 1n
the drill body which extends from the bottom face 1n the axial
direction on the proximal side so as to include the axis and
parallel the axis, and the distal side of the drnill body 1s divided
into two parts which are respectively provided with one each
of the clamp faces and torque transmission faces (e.g., see
Japanese Unexamined Patent Application, First Publication
No. 2004-330391). In this type of indexable drill, an insertion
hole 1s formed so as to extend across the slit, and spiral
machining of a female screw i1s conducted on the iner face
thereol. By screwing a male screw member (clamping screw)
into this insertion hole, it 1s possible to vary the size of the
interstice of the slit. In short, it 1s possible to elastically
deform the bifurcated tip parts and vary the interstice between
the opposing faces of each tip part according to the depth to
which the male screw member 1s screwed 1nto the insertion
hole. By this means, 1t 1s possible to have the clamp faces
firmly press the clamp receiving faces of the cutting insert that
1s nserted into the recessed part of the drill body, and to clamp
and hold the cutting 1nsert.

Moreover, 1n the msertion hole, a screw part 1s provided
which 1s contacted by the head of the clamping screw when
said screw 1s loosened. By having the head contact this screw
part, 1t 1s possible to enlarge the interstice of the slit, and
facilitate attachment and removal of the cutting insert in the
recessed part of the drill body.

However, with the atorementioned indexable drill, as the
crosshatch angles of the clamp receiving faces and torque
receiving faces of the cutting insert are 1dentical to the cross-
hatch angles of the clamp faces and torque transmission faces
of the drill body, the problem arises that if these faces are not
formed with a high degree of accuracy, it may happen that
adherence between these faces 1s impaired, that the transmiut-
ted clamping force 1s reduced, and that attachment rigidity of
the cutting inserts 1in the drill body cannot be fully maintained.
Furthermore, 1n such cases, there i1s the problem that the
mutual axes of the drill body and cutting insert may be devi-
ated during attachment of the cutting insert. Accordingly,
when such problems occur, they result 1n impairment of the
accuracy of machined holes.

Moreover, 1n the aforementioned indexable drll, the
clamping screw which changes the size of the interstice of the
slit and the female screw of the 1nsertion hole 1nto which 1s
screwed the screw part contacted by the head of the clamping
screw are female screws which both have the same direction
as, for example, a right-hand screw. Consequently, when the
clamping screw 1s loosened whereby the head of the clamping
screw 1s made to contact the screw part in order to enlarge the
interstice of the slit, there 1s the problem that the screw part 1s
driven by the rotation of the clamping screw. In such cases,
there 1s the problem that it may happen that the screw part 1s
removed from the insertion hole, that the interstice of the slit
cannot be enlarged, and that the cutting insert cannot be
suitably attached and removed.

Furthermore, as the slit 1s open in the state where the
cutting insert 1s integrated with the drill body, there 1s the
problem that a resonance phenomenon occurs inside the
space formed by the slit during cutting, and that a very loud
cutting noise occurs. It may also happen that chip 1s ingested
by the slit, damaging the 1nner face of the machined hole.

In addition, with the atorementioned indexable drill, when,
for example, stainless steel material or the like 1s subjected to
cutting, 1t may happen that a strong tighteming force 1is
imposed on the drill from the machined hole, and that cutting
resistance becomes large, impeding the conduct of stable
cutting. Furthermore, even when the drll body 1s withdrawn
after formation of the machined hole, there 1s the problem that
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interference with the machined hole may occur, rendering 1t
impossible to suitably withdraw the drll.

In light of the foregoing circumstances, the primary object
of the present invention 1s to offer an indexable drill which 1s
capable of suitably integrating the drill body and cutting
insert with a high degree of attachment rigidity and attach-
ment accuracy.

Moreover, a second object of the present imvention 1s to
offer an indexable drill which enables suitable attachment and
removal of the cutting insert relative to the drill body, without
having the screw part driven by the rotation of the clamping,
SCIEW.

Furthermore, a third object of the present invention 1s to
offer an indexable drill which effects mitigation of cutting
noise during cutting, and which prevents damage to the
machined hole from the mgestion of chip into the slit.

In addition, a fourth object of the present invention 1s to
offer an indexable drill which enables the conduct of stable
cutting by mitigating cutting resistance during cutting and
interference during withdrawal.

SUMMARY OF THE INVENTION

The present invention offers the following means 1n order
to achieve the aforementioned primary objective.

The indexable drill of the present invention 1s an indexable
drill including an approximately cylindrical rod-like drll
body which rotates around an axis, and a cutting 1insert which
has cutting edges at 1ts tip and which 1s removably attached to
the distal side of the drill body; wherein the drill body forms
a recessed part at the tip which 1s recessed toward the proxi-
mal side; the recessed part not only forms a bottom face which
faces the distal side and which 1s orthogonal to the axis of the
drill body, a pair of clamp faces which clamp and hold the
cutting insert which inserts into the recessed part, and a pair of
torque transmission faces which are crossed by and adjacent
to each of the clamp faces and which transmuit the rotary force
of the drill body to the cutting insert, but 1s also provided with
a slit which extends toward the proximal side in the axial
direction so as to bifurcate the tip of the drill body from the
bottom face; the cutting msert forms a pair of clamp receiving,
faces which are respectively pressed by the pair of clamp
faces of the dnll body, and a pair of torque recerving faces
which are crossed by and adjacent to the clamp receiving
faces and to which 1s transmitted the rotary force of the drill
body from each of the paired torque transmission faces; and
the crosshatch angles of the clamp receiving faces and the
torque recerving faces which are adjacent 1n the cutting insert
are formed smaller within a range of 2° or less than the
crosshatch angles of the clamp faces and the torque transmis-
s1on faces which are adjacent in the drill body.

In order to achieve the second objective, the indexable drill
of the present invention forms at the distal side of the drill
body an insertion hole which extends across the slit and
whose mner surface 1s provided with a first female screw part
and second female screw part, wherein 1t 1s preferable that the
female screws of the first female screw part and the second
female screw part be formed 1n mutually inverse directions.

In order to achieve the third objective, it 1s preferable that
the indexable drill of the present invention fill at least part of
the slit with resin.

In order to achieve the fourth objective, the indexable drill
of the present mnvention forms tapered margins in the cutting
insert whose outside diameters gradually decrease from the
tip 1n the axial direction toward the proximal end, wherein
with respect to the length range 1n the axial direction from the
tip of the margin to its proximal end, the tapered part of a
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length range from at least the tip of the margin to 5 or more
1s considered as a first tapered part, the tapered part from the

first tapered part to the proximal end of the margin 1s consid-
ered as a second tapered part, and the second tapered part 1s
formed with a larger taper angle than the taper angle of the
first tapered part.

According to the indexable drill of the present invention,
the crosshatch angles of the clamp receiving faces and torque
receiving faces of the cutting insert are formed smaller within
a range of 2° or less than the crosshatch angles of the clamp
faces and torque transmission faces of the drill body, with the
result that when the cutting msert 1s mounted 1n the recessed
part of the drill body, 1t 1s possible to obtain the strong adhe-
sion of the torque transmission faces and torque receiving
faces and to reliably transmit torque from the drill body to the
cutting insert 1 comparison to the case where the mutual
crosshatch angles are equal. Moreover, as the cutting insert 1s
clamped and held so that the dnll body elastically deforms
and the clearances of the clamp faces and clamp receiving
faces are gradually filled, 1t 1s possible to exert a large clamp-
ing force on the cutting insert, and to firmly integrate the
cutting insert and drill body.

Moreover, when the cutting insert 1s mounted in the
recessed part of the drill body, as the cutting msert 1s guided
so that the clearances are filled due to the slight variance in the
mutual crosshatch angles, it 1s possible to have the axis of the
cutting msert and the axis of the drll body coincide, and to
firmly hold the cutting insert in this state. Accordingly, 1t 1s
possible to maintain a high degree of attachment rigidity and
attachment accuracy, and to enhance the precision of
machined holes.

Furthermore, as the first female screw part and second
temale screw part formed inside the insertion hole are made
as reverse screws, even when the clamping screw which 1s
screwed 1nto the first female screw part contacts the screw
part which 1s screwed into the second female screw part, 1t 1s
possible to prevent the screw part from being driven and
loosened by the rotation of the clamping screw, and to reliably
enlarge the interstice of the slit, thereby enabling the cutting
isert to be suitably attached to and removed from the
recessed part of the drill body.

In addition, by filling at least part of the slit with resin, 1t 1s
possible to prevent the ingestion of chip mto the slit during
cutting, and to prevent the infliction of flaws and the like on
the inner surface of the workpiece. Furthermore, by filling the
slit with resin, 1t 1s possible to prevent a resonance phenom-
enon during cutting, and to reduce cutting noise.

Furthermore, as the margins of the cutting insert form the
taper angle of a second tapered part larger than that of a first
tapered part, 1t 1s possible to maintain the clearance of the
margin and the machined hole, to reduce cutting resistance
and 1nterference during withdrawal, and to stably conduct
cutting.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a side view showing the indexable drill pertaining,
to an embodiment of the present invention.

FI1G. 21s a side view showing the distal part of the drill body
of FIG. 1.

FIG. 3 1s a cross-sectional view in the direction of arrows
D-D of FIG. 2.

FIG. 4 1s a cross-sectional view 1n the direction of arrows
E-E of FIG. 2.

FIG. 515 a lateral sectional view of the distal part of the drill
body of FIG. 1.

FIG. 6 1s a view showing the cutting inserts of FIG. 1.
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FIG. 7 1s a plan view 1n the direction of arrows F-F of FIG.
6

FI1G. 8 1s a plan view 1n the direction of arrows G-G of FIG.
6.
FI1G. 9 1s a view from the distal end side showing the state

where the cutting insert 1s inserted into the recessed part of the
drill body.

DETAILED DESCRIPTION OF THE INVENTION

Below, the indexable drill pertaining to a first embodiment
ol the present invention 1s described with reference to FIG. 1
to FIG. 9.

As shown 1n FIG. 1, an indexable drill A pertaining to an
embodiment of the present invention 1s composed of a drill
body 1 which rotates around axis O1 (dnll rotation direction
T) and which 1s formed in an approximately cylindrical rod
shape, and a cutting insert 2 which has cutting edges 25 on a
tip face 2a, and which 1s removably mounted onto the tip 1a
side of the drill body 1.

The drll body 1 1s provided with a shank 3 at its proximal
end 15 side which 1s, for example, held by a chuck or the like
of a machine tool, and 1ts tip 1a side 1s formed into an approxi-
mately multistage cylinder shape with a contracted diameter
relative to this shank 3. At the periphery of the tip 1a side of
the drill body 1, a pair of chip discharge flutes 4 which open
at tip face 1a are helically formed on mutually opposite sides
with axis O1 in between so as to twist toward the backward
side of rotational direction T while facing the proximal end 15
side 1n the direction of axis O1.

As shown from FIG. 1 to FIG. 3, a recessed part (insert
mount) 5 which 1s formed so as to open at the tip 1a and to
recess toward the proximal end 15 side 1s provided at the tip
1a of the dnll body 1. In this recessed part 5 are formed a
bottom face 6 which faces the tip 1a side and which crosses
the axis O1 of the drill body 1, a pair of clamp faces 7 which
arranged on mutually opposite sides with the axis O1 1n
between so as to face the mnner circumierential side of the drill
body 1 while crossing this bottom face 6, and which clamp
and hold the cutting 1nsert 2, and a pair of torque transmission
faces 8 which are crossed by each of the clamp faces 7 and are
adjacent thereto, and which transmit the rotational force of
the drill body 1 to the cutting insert 2. Moreover, the paired
torque transmission faces 8 arrranged on mutually opposite
sides with the axis O1 1n between so as to face the forward
side of the rotational direction T of the drill body 1. Here, the
crosshatch angles of the adjacent clamp faces 7 and drill
transmission faces 8 of the drill body 1 are set 1n the range
from 90° to 120°.

With respect to the torque transmission faces 8, the side
which 1s opposite the side that crosses the clamp face 7 1s
crossed by an outer circumierential face 1¢ of the drill body 1.
In contrast, with respect to the clamp faces 7, the side which
1s opposite the side that crosses the torque transmission face
8 does not reach the outer circumierential face 1¢ of the drill
body 1, but 1s crossed by a wall face of the chip discharge
flutes 4 which faces the backward side of the drnll rotational
direction T. Furthermore, the paired clamp faces 7 respec-
tively incline toward the outer circumierential side of the drill
body 1 as they approach the proximal end 156 side 1n the
direction ofthe axis O1 (the angle of inclination relative to the
axis O1 1s 1 arange from 0° to a maximum of 1° or less), and
the paired torque transmission faces 8 respectively incline
toward the forward side of the drll rotational direction T as
they approach the proximal end 15 side 1n the direction of the
axis O1 (the angle of inclination relative to the axis Ol 1s1n a
range which 1s 30° or less and larger than 0°). As shown in
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FIG. 3, 1in the sectional view perpendicular to the axis O1, the
pair of torque transmission faces 8 1s provided so as to extend
approximately in the diametric direction of the axis O1.

Meanwhile, an aperture 9 which 1s recessed toward the
proximal end 15 side 1n the direction of the axis O1 1s bored
into the bottom face 6 which faces the tip 1a side 1n the
direction of the axis O1. The section of this aperture 9 which
1s perpendicular to the axis O1 exhibits an approximately
circular form centered on the axis O1, and 1s formed with the
same 1nner diameter in the direction of the axis O1. In this
instance, the mner diameter of the aperture 9 1s set at a size
where the inner circumiferential face 1s located more toward
the mner circumierential side of the drill body 1 than the wall
faces of the chip discharge flutes 4.

Moreover, 1n the drill body 1, a slit 10 which extends from
the bottom face 6 toward the proximal end 15 side in the
direction of the axis O1 1s provided so as to contain the axis
O1 and to parallel with the axis O1. This slit 10 1s formed so
as to bifurcate the aperture 9, and opens onto and communi-
cates with the chip discharge flutes 4. Furthermore, when
viewed from the tip 1a side 1n the direction of the axis O1, as
shown 1n FIG. 3, the extension direction N 1n which the slit 10
extends 1s arranged at a position which 1s turned farther
toward the backward side of the drill rotation direction T
around the axis O1 than the direction M which parallels the
clamp faces 7 in the diametric direction relative to the axis
O1. The crosshatch angle o of this extension direction N of
the slit 10 and the direction M which parallels the clamp faces
7 1s 1n a range which 1s 30° or less and larger than 0°. More-
over, the bottom part 10a of the slit 10 extends 1n the afore-
mentioned extension direction N, the bottom part 10a forms
a cross-sectional circular hole having an inner diameter which
1s larger than the width of the slit 10 (the interval between the
pair ol mutually opposing wall faces which configure the slit
10). Furthermore, resin 11 such as silicon resin which inter-
nally has suitable heat resistance and viscoelasticity 1s filled
in this slit 10. This resin 11 1s maintained in a state where 1t
constantly filled 1n the interior of the slit 10 even when the size
of the interval in the slit 10 1s varied by a below-mentioned
clamping screw 24.

Moreover, as shown 1n FIG. 2, by forming this slit 10 in the
distal part 14 of the drill body 1, the distal part 14 of the drill
body 1 1s bifurcated into a first distal part 12 and second distal
part 13 which sandwich the slit 10 including the aperture 9. In
the first distal part 12, one of the clamp faces 7 and clamp
transmission faces 8 which mutually cross on the bottom part
6 arc provided, and 1n the second distal part 13, the other
clamp face 7 and clamp transmission face 8 which mutually
cross on the bottom part 6 are similarly provided.

Furthermore, as shown from FIG. 4 to FIG. 5, in the distal
part 1d of the drill body 1, an insertion hole 14 which extends
in direction O2 perpendicular to the axis O1 and crossing the
slit 10 1s provided at the position which 1s slightly more the
proximal end 15 side of the direction of the axis O1 than the
aperture 9. This insertion hole 14 1s formed so as to penetrate
the distal part 14, and 1ts outer circumierential edge 1n exten-
sion direction O2 respectively opens the outer circumierential
face 1c of the first distal part 12 and outer circumierential face
1c of the second distal part 13. Moreover, as shown 1n FIG. 4,
the extension direction O2 of this insertion hole 14 1s arranged
at a position where 1t 1s turned more toward the forward side
ol the drill rotation direction T than the widthwise direction P
of the slit 10, and this insertion hole 14 1s formed so as to
diagonally cross the slit 10 1n the widthwise direction P.

The portion of the msertion hole 14 located inside the first
distal part 12 1s composed of a housing 15 which extends at a
fixed inner diameter from the outer circumierential face 1¢ of
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the first distal part 12 toward the inside of the extension
direction O2 (the inner circumierential side in the diametric
direction relative to the axis O1), and a first aperture 16 which
communicates with this housing 15 and extends toward the
inside of the drill body 1 at an mmner diameter somewhat
smaller than the 1nner diameter of the housing 15, and which
opens onto the slit 10. Moreover, with respect to the part of the
housing 15 which connects with the first aperture 16, the inner
diameter of the housing 15 has a tapered form which gradu-
ally decreases its size as 1t moves toward the 1nside of the drill
body 1. Furthermore, a second female screw part 18 in which
the below-mentioned screw part 17 1s screwed and fixed
therein, 1s formed on the mner face of the housing 15 near the
outer side 1n the extension direction O2.

Meanwhile, the portion of the insertion hole 14 located
inside the second distal part 13 1s composed of a first female
screw part 19 and a second aperture 20 which communicates
with this first female screw part 19. The first female screw part
19 extends at a fixed inner diameter from the outer circum-
terential face 1c¢ of the second distal part 13 toward the inside
of the extension direction O2 (the mner circumierential side
in the diametric direction relative to the axis O1) and female
screws are formed on the inner face thereof. The second
aperture 20 extends toward the 1nside of the drill body 1 at an
inner diameter somewhat larger than the inner diameter of the
first female screw part 19 and approximately the same as the
inner diameter of the first aperture 16, and opens onto the slit
10. In this instance, the second female screw part 18 and first
female screw part 19 respectively form female screws in
mutually opposite directions where, for example, the first
female screw part 19 1s a right-hand screw and the second
female screw part 18 1s a left-hand screw.

As shown 1n FIG. 1 and FIG. 5, a clamping screw 24 1s
inserted 1nto the msertion hole 14 which 1s configured 1n the
manner as described above. The a clamping screw 24 has a
male screw part 21 and a head 22 1n mutual concentric con-
nection via a connecting part 23, and the head 22 exhibits an
approximately multistage cylindrical shape which has a con-
siderably wider diameter than the male screw part 21 and
connecting part 23. In a state where this clamping screw 24 1s
inserted, the male screw part 21 1s screwed into the first
temale screw part 19 of the insertion hole 14, and the head 22
1s housed in the part of the housing 15 which 1s close to the
inner side of the extension direction O2. On the end face of the
head 22, a screw rotation hole (hexagonal hole) 25 1n which a
screw-driving tool such as a hexagonal wrench can be fitted 1s
provided.

Furthermore, 1n the insertion hole 14, a screw part 17 which
1s formed 1n an approximately cylindrical shape, 1s housed 1n
the part near the outside of the extension direction O2 so as to
arrange opposite the head 22 of the clamping screw 24. The
screw part 17 prevents the withdrawal of the clamping screw
24 and serves to increase the width of the slit 10 by contact
with the head 22 of the clamping screw 24. On the outer
circumierential face of this screw part 17 1s formed a male
screw which 1s capable of screwing into the second female
screw part 18 formed 1n the housing 15, and this screw part 17
1s fixed to the housing 15 by screwing this male screw 1nto the
second female screw part 18. Moreover, 1n the screw part 17,
a through-hole 26 which penetrates the screw part 17 1n the
extension direction O2 of the insertion hole 14 1s formed, and
this through-hole 26 1s a hexagonal hole (screw-driving hole).
By fitting a hexagonal wrench into this hexagonal hole 26 and
rotating it, the screw part 17 can be screwed into the housing,
15. Here, the hexagonal hole 26 formed 1n the screw part 17 1s
given a size which enables passage of a hexagonal wrench
that fits into the hexagonal hole 25 formed 1n the end face of
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the head 22 of the clamping screw 24, and the screw part 17 1s
made so that 1t 1s not driven even when the hexagonal wrench
fitted 1nto the hexagonal hole 25 of the clamping screw 24 1s
rotated.

Moreover, as shown 1n FIG. 1, FIG. 2 and FIG. 4, 1n the
distal part 1d of the drill body 1, a coolant discharger 27 which
1s opened by cutting out the outer circumierential face 1¢ of
the drill body 1, and which supplies coolant to the cutting
region, 1s formed between the pair of chip discharge flutes 4.
This coolant discharger 27 communicates with a coolant hole
28 which extends from the proximal end 15 of the drill body
1 along the axis O1 and which bifurcates 1n midcourse.

Meanwhile, as shown 1n FIG. 1 and FIG. § to FIG. 8, the
cutting insert 2 which 1s attached by fixing to the recessed part
5 of the dnll body 1, has an isert body 2¢ formed from
cemented carbide such as sintered hard alloy. Cutting edges
2b are formed on the tip face 2a of this msert body 2¢. When
the sert body 2c¢ 1s 1n a state of attachment to the recessed
part 5 of the drill body 1, the tip face 2a which 1s oriented
toward the distal side 1n the direction of the axis O1 exhibits
a V-shaped form which gradually recedes as 1t approaches the
outer circumierential side of the drill body 1 from the axis O1.
The cutting nsert 2 has a pair of cutting faces 2/ approxi-
mately shaped as concave curves which are oriented toward
the drill rotation direction T forward side, and which
smoothly run to the tip of the wall faces of the chip discharge
flutes 4, and these cutting faces 2f are crossed by the tip face
2a, the proximal end face 2d of the msert body 2¢ which 1s
orthogonal to the axis O1, and by an outer circumierential
tace 2e which faces the outer circumierential side of the drill
body 1. The cutting edge 256 1s formed at the ridgeline where
this cutting face 2/ and tip face 2a cross.

At the outer circumierential faces 2e of the cutting insert 2,
margins 2g which are formed so as to project toward the outer
circumierential side along the rnidgelines where the outer cir-
cumierential faces 2¢ and cutting faces 2f cross, are provided.
As shown m FIG. 6, these margins 2g are formed with a
tapered shape so that the outside diameter of the cutting insert
2 gradually decreases from a tip position connecting with the
tip face 2a toward a proximal end position connecting with
the proximal end face 2d in the direction of the axis Ol1.
Furthermore, with respect to a range L 1n the direction of the
axis O1 from the tip face 2a to the proximal end face 24, the
tapered part of range L1 from at least the tip face 2q until L/5
or more 1s considered as a first tapered part 2/, the tapered part
of range .2 from this first tapered part 2/ until the proximal
end face 2d 1s considered as a second tapered part 27, and the
second tapered part 27 1s formed with a larger taper angle 03
than the taper angle 04 of the first tapered part 2/.

Meanwhile, a pair of clamp receiving faces 30 which cross
the tip face 2a and proximal end face 24, and a pair of torque
receiving faces 31 which similarly cross the tip face 2aq and
proximal end face 24, are formed 1n this cutting imsert 2. In a
state where the cutting insert 2 1s attached to the drill body 1,
the paired clamp receiving faces 30 arranged on mutually
opposite sides with the axis O1 1n between so as to respec-
tively face the outer circumierential side of the drill body 1. In
contrast, the torque receiving faces 31 arranged on mutually
opposite sides with the axis O1 1n between so as to respec-
tively face the backward side of the drill rotation direction T.
Here, the pair of clamp recerving faces 30 are respectively
crossed by and adjacent to the backward side of the drill
rotation direction T of the pair of torque receiving faces 31
(the inner circumierential side of the drill body 1), and the
crosshatch angles (the crosshatch angles when viewed from
the cross section orthogonal to the axis O1) 02 of the mutually
intersecting clamp recerving faces 30 and torque receiving
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faces 31 are formed within a range of 2° or less which are
smaller than the crosshatch angles 01 of the adjacent clamp
faces 7 and torque transmission faces 8 of the drill body 1
shown 1n FIG. 3.

Moreover, while the side of the torque recerving face 31
which crosses the clamp recerving face 30 and 1ts opposite
side intersect at the outer circumierential face 2e of the 1nsert
body 2¢, the side of the clamp recerving face 30 which crosses
the torque receiving face 31 and 1ts opposite side are crossed
by the cutting faces 2f toward the drill rotation direction T
torward side without reaching the outer circumierential face
2¢ of the msert body 2¢. When viewed from the cross section
orthogonal to the axis O1, the pair of torque receiving faces 31
extends approximately in the diametric direction transiting
the axis O1. Furthermore, the paired clamp receiving faces 30
are respectively inclined (the angle of inclination relative to
the axis O1 1s within a range of greater than 0° to 1° or less,
which 1s a value approximately 1dentical to the angle of incli-
nation of the clamp faces 7 of the aforementioned insert
mount 6) so as to approach the outer circumierential side of
the drill body 1 as they approach the proximal end side 1n the
direction of the axis O1. On the other hand, the paired torque
receiving faces 31 are respectively inclined (the angle of
inclination relative to the axis O1 1s within a range of greater
than 0° to 30° or less, which 1s a value approximately 1dentical
to the angle of inclination of the torque transmission faces 8 of
the insert mount 6) so as to approach the drll rotation direc-
tion T forward side as they approach the proximal end side in
the direction of the axis O1.

As shownin FIG. 6, at the proximal end face 24 of the insert
body 2¢, a shait 33 which projects toward the proximal end
side 1n the direction of the axis O1 1s formed. The section of
this shait 33 which 1s orthogonal to the axis O1 exhibits an

approximately circular shape centered on the axis O1, and 1ts
outside diameter 1s formed so as to be fixed 1n the direction of
the axis O1. Moreover, the outside diameter of the shaft 33 1s
given a size such that its outer circumierential face 1s located
at the inner circumiferential side of the drill body 1 compared
to the part of the cutting face 2f which crosses the proximal
end face 2d.

Next, a method for attaching the cutting insert 2 of the
indexable dnill A with the above configuration nto the
recessed part 5 of the drill body 1, and for machining a
workpiece will be explained.

First, a hexagonal wrench 1s {it into the hexagonal hole 25
of the clamping screw 24 which 1s 1nserted into the insertion
hole 14 of the drill body 1, via the through-hole 26 of the
screw part 17 arranged opposite the head 22. The hexagonal
wrench 1s then rotated, thereby rotating the clamping screw
24 1n one direction. As a result of this unidirectional rotation,
the clamping screw 24 moves toward the outer side of the
extension direction O2 of the insertion hole 14, and 1ts head
22 contacts the screw part 17 which 1s fixed to the housing 15.
At this time, at the distal part 14 of the drill body 1, the first
distal part 12 and second distal part 13 which are bifurcated
with the slit 10 1n between elastically deform so as to mutually
separate, and the one clamp face 7 and torque transmission
face 8 located on the first distal part 12 side and the other
clamp face 7 and torque transmission face 8 located on the
second distal part 13 side mutually separate. By further rotat-
ing the clamping screw 24 1n a state where the head 22 1s 1n
contact with the screw part 17, the first distal part 12 and
second distal part 13 undergo further elastic deformation, and
the 1nterstice of the slit 10 becomes larger.

In this manner, the recessed part 5 of the drill body 1 1s
opened, enabling insertion of the cutting insert 2 1nto the
recessed part 5. At this stage, as shown in FIG. 9, the cutting,
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insert 2 1s mserted into the recessed part 5 by steadily sliding
it toward the proximal side 1n the direction of the axis O1 so
that the pair of clamp receiving faces 30 and the pair of clamp
taces 7 of the drill body 1 are opposite each other. At this time,
the shait 33 formed 1n the proximal end face 24 of the mnsert
body 2c¢ 1s 1nserted nto the aperture 9 formed 1n the bottom
face 6, and the bottom face 6 and the proximal end face 2d of
the insert body 2¢ are closely contacted. Additionally, the
cutting faces 2f of the msert body 2¢ are respectively oriented
toward the forward side of the drill rotation direction T, and
link with the chip discharge flutes 4, while the clamp receiv-
ing faces 30 of the mnsert body 2c¢ are respectively arranged
opposite the clamp faces 7, and the torque recerving faces 31
and torque transmission faces 8 arranged opposite each other.
In this state, as shown 1n FIG. 9, since the crosshatch angles
02 of the clamp recerving faces 30 and torque receiving faces
31 of the cutting insert 2 are formed within a range of 2° or
less which 1s smaller than the crosshatch angles 01 of the
clamp faces 7 and torque transmission faces 8 of the drill body
1, a minute clearance 33 1s produced between the clamp faces
7 and clamp recerving faces 30 which arranged opposite each
other.

Next, in a manner similar to when the clamping screw 24
was rotated 1n one direction, the hexagonal wrench 1s fitted
into the hexagonal hole 25 of the clamping screw 24, and the
clamping screw 24 1s rotated in the other direction. As a result,
the clamping screw 24 1s moved 1nside the insertion hole 14,
whereby the head 22 1s made to contact the tapered wall face
formed in the housing 15. At this time, the first distal part 12
and second distal part 13 of the drnll body 1 are elastically
deformed so as to approach each other. As a result of this
elastic deformation, first, the inner circumierential face of the
aperture 9 of the drill body 1 closely contacts and presses the
outer circumierential face of the shatt 33 of the insert body 2¢
which 1s inserted into this inner circumierential face, whereby
the aperture 9 firmly fastens and holds the shait 33. Further-
more, the paired clamp faces 7 of the recessed part 5 respec-
tively contact and press the paired clamp receiving faces 30 of
the msert body 2¢, whereby the cutting msert 2 1s firmly fixed
to the interior of the recessed part 5 of the drill body 1.

Here, the crosshatch angles 02 of the clamp receiving faces
30 and torque recerving faces 31 of the cutting insert 2 are
formed smaller within a range of 2° or less which 1s smaller
than the crosshatch angles 01 of the clamp faces 7 and torque
transmission faces 8 of the drill body 1, and the mutual
crosshatch angles 01 and 02 are formed so as to slightly differ,
with the result that when the clamp faces 7 press against the
clamp receiving faces 30, the first distal part 12 and second
distal part 13 elastically deform, the clearance 35 between a
clamp recerving face 30 and clamp face 7 gradually
decreases, and their mutual contact area grows larger as the
clamping screw 24 1s screwed 1n. Moreover, at this time, not
only does the contact area gradually grow larger, but also the
cutting msert 2 1s slightly displaced 1n the radial direction of
the drill body 1, and the axis O1 of the cutting insert 2
gradually coincides with the axis O1 of the drill body 1 1n
conjunction with this displacement. Furthermore, by screw-
ing in the clamping screw 24, in conjunction with the gradual
increase 1n the contact area of the clamp faces 7 and clamp
receiving faces 30, the torque transmission faces 8 of the drll
body 1 press against the torque recerving faces 31 of the
cutting insert 2, and closely and strongly contact thereto.
Ultimately, the clamp faces 7 and clamp receiving faces 30
undergo complete interfacial contact, the clearance 33 1s
climinated, and the cutting 1nsert 2 1s clamped and held by the

drill body 1.
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At the stage where the cutting insert 2 1s held 1n the drll
body 1 in this manner, the chuck 3 1s supported by the main
spindle of a machine tool, for example, the cutting edge 25
cuts into a workpiece while rotating around the axis O1, and
machining of the workpiece 1s conducted by the indexable
drill A.

Thus, according to the aforementioned 1indexable drill A,
by forming the crosshatch angles 02 of the clamp recerving,
faces 30 and torque recerving faces 31 of the cutting insert 2
smaller within a range of 2° which 1s less than the crosshatch
angles 01 of the clamp faces 7 and torque transmission faces
8 formed on the tip 1a side of the drill body 1, 1t 1s possible to
clastically deform the drill body 1 so as to gradually fill the
mutual clearances 35 of the clamp faces 7 and clamp receiv-
ing faces 30, and to clamp and hold the cutting insert 2. By this
means, 1n a state where the clamp faces 7 and clamp receiving
face 30 are 1n complete facial contact, 1t 1s possible to reliably
clamp and hold the cutting insert 2 by exerting great cramping
force, and closely and strongly contact the torque transmis-
s1on faces 9 and torque recerving faces 31. As a result, torque
1s reliably transmitted 1n rotational direction T from the drill
body 1 to the cutting 1nsert 2.

Furthermore, as the mutual clearance 35 of the clamp face
7 and clamp receiving face 30 1s gradually reduced, and as the
contact area grows larger, the cutting insert 2 1s guided and
displaced so that its axis O1 coincides with the axis O1 of the
dr1ll body 1, with the result that at the stage where the cutting
isert 2 1s clamped and held, 1t 1s possible to have both axes
O1 reliably coincide. Accordingly, 1t 1s possible to ensure a
high degree of attachment rigidity and attachment accuracy,
and to enhance the accuracy of the machined hole.

Furthermore, 1in the atorementioned indexable drill A,
when the first distal part 12 and second distal part 13 are
separated by loosening the clamping screw 24 in order to
attach the cutting insert 2 to the tip 1a side of the drill body 1,
since the second female screw part 18 into which the screw
part 17 1s screwed and the first female screw part 19 1nto
which the clamping screw 24 1s screwed are made as reverse
screws, 1t 1s possible to prevent the screw part 17 from being
driven and loosened even when the clamping screw 24 1is
turther rotated in a state where the head 22 of the clamping
screw 24 1s 1n contact with the screw part 17. As a result, 1t 1s
possible to reliably enlarge the interstice of the slit 10, and to
enable the easy attachment and removal of the cutting insert 2.

Moreover, 1n the aforementioned indexable drill A, by fill-
ing the slit 10 with resin 11, 1t 1s possible to prevent the
occurrence of a resonance phenomenon inside the slit 10
during cutting and the occurrence of large high-pitched cut-
ting noise, thereby enabling mitigation of cutting noise. Fur-
thermore, 1t 1s possible to prevent the ingestion of chip into the
slit 10.

Furthermore, in the aforementioned indexable drill A, the
margins 2¢g of the cutting nsert 2 possess a first tapered part
2/ and second tapered part 2i, and the taper angle 03 of the
second tapered part 27 1s formed larger than the taper angle 04
of the first tapered part 2/2. As a result, 1t 1s possible to reduce
the contact portion of the margin 2g and the inner face of the
workpiece, thereby enabling mitigation of cutting resistance
during cutting and interference during withdrawal.

The present invention 1s not limited by the atorementioned
individual embodiment, and may be approprniately modified
within a scope that does not deviate from 1ts intent. For
example, 1n the present embodiment, the resin 11 which fills
the slit 10 1s made of silicon resin, but one 1s not limited
thereto, and there 1s no particular restriction on the type of
resin. Moreover, a description was made wherein the resin 11
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f1lls the entirety of the slit 10, but 1t 1s also acceptable to have
it partially filled with the resin 11 so as to reduce the cutting
noise.

The mnvention claimed 1s:

1. An indexable drill comprising:

an approximately cylindrical rod-like dnll body which
rotates around an axis; and

a cutting msert which has cutting edges at a tip and which
1s removably attached to a distal side of said drill body;

wherein said drill body comprises:

a recessed part at the tip which 1s recessed toward a
proximal end side; the recessed part forms a bottom
tace which faces said distal side and which 1s orthogo-
nal to the axis of said drill body;

a pair of clamp faces that clamp and hold a portion of
said cutting insert which inserts into said recessed
part;

a pair of torque transmission faces which are crossed by
and adjacent to each of the clamp faces and which
transmit the rotary force of said drill body to said
cutting insert;

a slit which extends toward the proximal end side 1n said
axial direction so as to bifurcate the tip of said drll
body from said bottom face; and

an 1nsertion hole that 1s formed at the distal side of said
drill body, said insertion hole extending across said
slit and having an mner surface that comprises a first
female screw part and a second female screw part,
wherein a female screw of said first female screw part
and a female screw of said second female screw part
are formed 1n mutually iverse directions;

wherein said cutting 1nsert comprises:

a pair of clamp recewving faces which are respectively
pressed by said pair of clamp faces of said drill body;

a pair ol torque receiving faces which are crossed by and
adjacent to the clamp receiving faces and to which 1s
transmitted the rotary force of said drill body from
cach of said paired torque transmission faces; and

crosshatch angles of said clamp receiving faces and said
torque receiving faces which are adjacent in said cut-
ting insert are formed smaller within a range of 2° or
less than the crosshatch angles of said clamp faces and
said torque transmission faces which are adjacent 1n
said drill body.

2. The indexable drill according to claim 1, wherein at least
part of said slit 1s filled with resin.

3. The indexable drill according to claim 1, further com-
prising tapered margins formed 1n said cutting insert whose
outside diameters gradually decrease from the tip of said
cutting msert 1n said axial direction toward the proximal end,
wherein the tapered margins comprise:

a first tapered part being a length 1n said axial direction
from at least a tip of said margin to 15 or more toward the
proximal end; and

a second tapered part starting at the first tapered part to the
proximal end of said margin,

wherein the second tapered part 1s formed with a larger
taper angle than a taper angle of said first tapered part.

4. The indexable drill according to claim 1, wherein the
insertion hole further comprises a screw-stopping part that 1s
contacted by a head of a clamping screw when said clamping
screw 15 loosened, whereby interstice of the slit 1s enlarged
providing suitable attachment and removal of the cutting
insert 1n the recessed part of the drill body.
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